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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1320

A CENTRAL FACILITY FOR RECORDING AND
PROCESSING TRANSIENT-TYPE DATA
CHAPTER T
GENERAL DESCRIPTION

By Richard L. Smith

SUMMARY

The data system described has the capability of recording and auto-
matically processing transient-type data in the frequency range of O to
10,000 cps. Data are recorded in both analog and digital form on mag-
netic tape and are processed by either an analog or a digital computer.
Special shielded cable is used to transmit the dats at low voltage levels
from six test facilities over cable lengths up to 7000 feet. Identi-
fication and search features are provided as well as a quick-look feature
using a storage-type oscilloscope. The system has been in operation
since March 1960.

INTRODUCTION

In 1954 a central automatic data processing system was placed in
operation at the Lewls Research Center (ref. 1). This system met all
design objectives and is still in operation; however, it is only useful
for processing steady-state-type data. Since that time, advances in the
state of the electronic art have made it possible to build a data system
capable of recording and automatically processing transient-type data.
Increasing quantities of such data are recorded at this center as a
result of experiments such as vibration testing, heat-transfer experi-
ments, and rocket testing. The data system described in this report
came as a natural outgrowth of the need for an improved means of
processing transient-type data and the proven usefulness of a central
automatic data processing system. This system makes possible the analy-
sis of data by mathematical techniques that would be too time-consuming
if done manually, and gives results of much greater accuracy than could
be attained by older methods of processing.



Recording is done by two types of equipment, which may be classi-
fied as analog and digital. These two recording systems are independent
and complement each other. The analog system has the advantage of high-
frequency response, while the digital system gives greater accuracy but
with lower frequency response characteristics. A block diagram showing
both systems and the interconnections is shown in figure I-1.

DATA CABLE

Both types of equipment have input voltage ranges as low as 10
millivolts full scale. The equipment accepts voltages in most cases di-
rectly from conventional low-level transducers located at the test fa-
cilities. Signals are transmitted at low level on carefully installed
double-shielded telephone cable over cable lengths up to 7000 feet. By
doing all voltage amplification at the central location, the test facility
installation is made relatively inexpensive and more reliable. In most
cases the test facilities can use already existing instrumentation.

Figure I-2 illustrates the method of connecting test facilities to
the central data facility. A single 200-pair data cable is shared by
all test facilities. A 400-contact relay at each test facility connects
transducers at that facility to the data cable only while the facility
is recording data. At this writing six test facilities use the central
transient data facility.

DIGITAL SYSTEM

The digital recording system has 128 input channels. Resolution to
which voltages are measured is 0.1 percent of full-scale voltage. Over-
all cystem accuracy 1s approximately 0.25 percent of full-scale voltage.
The digital recording system differs from the analog system in that input
voltages are not recorded continuously, but are sampled in rapid se-
quence, converted to a digital form, and recorded serially on tape as
binary encoded numbers. The basic sampling rate is 4000 samples per
second; if 10 channels of data were being recorded, each channel would
be sampled 400 times per second.

Reading, program, facility, and channel identification are provided.
A block number, which is an elapsed time indication, i1s written digit-
ally at intervals of 8 to 32 milliseconds, depending on the number of
channels being recorded.

An extremely versatile and useful quick-look feature is provided
for system checkout and editing purposes as part of the digital playback
equipment. Digital data signals are converted back to analog form and
displayed on a storage-type oscilloscope as a plot of any selected single



channel against time, an X-Y plot of two selected channels, or a bar-
graph-type presentation of all channels. When used in system checkout,
the digital signals are retrieved from a point in the recording system
Just ahead of the record heads, so that a good check of recording system
operation is obtained. When used as an editing feature, a separate
playback tape handler is used. By using the block number identification
on tape in conjunction with the playback search features provided, any
portion of data on the tape may be quickly and precisely located and
displayed.

In addition to providing the quick-look function, the digital play-
back equipment serves as an input to a high-speed digital computer to
which direct connections are made. Provision is also made for inputs
to an analog computer, X-Y plotter, and oscillographs.

A photograph of the digital system is shown in figure I-3. The
analog computer used in conjunction with both systems is presented in
figure I-4.

ANAIOG SYSTEM

The analog system is capable of recording 24 variables simultane-
ously on its 24 input channels. The method of recording is frequency
modulation of a high-frequency carrier. The accuracy to which a d-c
voltage applied at the sendlng end can be recorded and played back is 1
percent of full-scale voltage. Frequency response of this system is il/Z
decibel from d.c. to 10,000 cps exclusive of the input cable character-
istics. The cable characteristics have the effect of degrading this fre-
quency response at the high-frequency end; this is discussed more fully
in chapter IT.

Since several facilities may be recording data on a single reel of
magnetic tape, it is important to provide positive identification for
the recorded data. TFor this reason a reading number and a facility
number are recorded in a digital form preceding each reading. Time from
the start of each reading is recorded digitally at 50-millisecond inter-
vals at the highest recording speed and at longer intervals at slower
speeds. Known standard voltages are recorded preceding each data
reading, and this information is used when playing back to correct auto-
matically for d-c drift in the recording equipment.

On playback, search features are provided for automatically locating
any desired reading and any desired position on the tape within a reading.
A gquick-look feature is provided using a storage-type oscilloscope on
which up to 12 channels of data may be viewed simultaneously. Up to 24
channels of data may be played back and plotted simultaneously either
locally or remotely on plotting equipment. These data may be either
raw data or data on which analog computations have been performed.
Playback may be done at 1/4, 1/2, 1/8, 1/16, and 1/32 of normal record-
ing speed in addition to normal recording speed.



A photograph of the analog system (fig. I-5) shows the control con-
sole with storage oscilloscope in the foreground.

REMARKS

The reasons for some of the basic decisions in planning the central
data facility described in this report that might be of interest are
listed herein.

One of the first decisions made was the type of recording to be
used. Frequency-modulated analog recording offered the capability of
wide bandwidth, while high-speed digital recording incorporated much
higher accuracy and compatibility with a digital computer at the cost of
bandwidth. Pulse-width modulation-type systems had neither the accuracy
of digital systems nor the bandwidth capability of a frequency-modulation
system. By incorporating both digital- and frequency-modulation-type
recording equipment into one transient data recording facility, a maxi-
mum range of test facility requirements could be met.

From the standpoint of both cost and ease of maintenance, it is
desirable to concentrate all complex electronic equipment at the central
recording location. For these reasons, it 1s desirable to transmit
signals from the test facilities to the central recording facility at
voltage levels generated by the transducers and do necessary voltage
amplification at the central location. The problem of sending analog
signals as low as 10 millivolts full scale over long cable distances
without loss of accuracy seems formidable. However, preliminary tests
on already existing telephone cable installations at this center, to-
gether with the availability of amplifiers having differential input
terminals isolated from ground, indicated this could be done., This ap-
proach of doing all voltage amplification at the central location was
carried out and proven to be extremely successful. A more complete dis-
cussion of the cable installation is given in chapter II. It should
be pointed out that the alternative approach of amplifying a signal at
the test facility and sending it at a higher voltage level to a remote
recording location presents problems that are not at first obvious.

If this is done, the amplifier output must be isolated from ground or
else the recording equipment input terminals must be isolated from
ground. In addition, the amplifier must be able to drive a capacitive
load without becoming unstable, a capability that many commercilally
available d-c amplifiers do not have.

Several methods were considered for providing a digital recording
system having in excess of 100 channels. One method is to provide an
amplifier for each channel and electronically multiplex the amplifier
outputs into an analog-to-digital converter. This is a practical
method; however, it results in an extremely costly and complex data



system 1f a large number of channels are involved. Multiplexing signals
at low voltage levels into a single amplifier or a small number of ampli=
fiers results in a more inexpensive and less complex system; however,
the problem of switching low voltages at high speed is a difficult one.
Mechanical switching devices provide all the accuracy hecessary but
present problems in operating at the speeds required. Electronic
switching devices for switching small voltages without introducing noise
in excess of 10 microvolts were nonexistent at the time this data system
was being constructed, although at the present time transistor switches
appear to be approaching this requirement. This problem was solved by
using a mechanical multiplexer consisting of a rotating magnet operating
switch capsules located around the periphery of the multiplexer. The
multiplexer operates at a speed of 500 contact closures per second and
is described in chapter IV.

Considerable emphasis was also placed on complete identification of
data on the recording tape to facilitate searching for areas of interest
when playing back data for quick-look or computer entry.

Two general types of digital tape format were considered before a
decision was made as to type of format to be used. When entering infor-
mation into a digital computer at high speed from magnetic tapes, the
tape handler must be stopped at regular intervals to allow time for
computations to be performed before the next block of information is
entered. If information is recorded continuously on the tape, the tape
handler must reverse a short distance before reading the next block of
information into the computer to avoid skipping information when the
tape handler is stopped and started. To simplify computer entry a
commonly used computer tape format provides gaps between blocks of infor-
mation the computer can absorb at one time. The decision was made,
however, to record data continuously on tape to preserve the capability
of easily reconstructing the original analog data signal intact from
the digital data tape for purposes of analog computation, guick-look,

or analog plotting.

In any sampled data system, it is true that a phenomenon known as
"aliasing”™ may occur 1f frequencies exist in the signal that exceed half
the sampling rate of the data system. This means that a false frequency
appears in the sampled data that did not exist in the signal. For ex-
ample, a 60-cycle signal, sampled at 59 cps, would appear in the sampled
data as a l-cps sine wave having the amplitude of the true signal. A
signal frequency an exact multiple of the sampling frequency would appear
in the data as a d-c signal. A method of correcting this problem is to
place a low-pass filter in series with each input line such that all
signal frequencies higher than half the sampling frequency are eliminated.

While filtering of individual channels has been done in some cases
to eliminate troublesome high frequencies, filters were not incorporated
as an integral part of this data system for the following reasons: If
the wide flexibility of sampling rates, which is a useful feature of the



system, was to be retained, the number of filters required would be large,
and the methods of switching in the proper filter to match the sampling
rate would become complex. In addition, removing the higher frequencies
by filtering may remove useful information from the data. Although
aliasing has not presented a serious practical problem, it cannot be
ignored, and solutions that do not involve removing information from the
signal are being investigated.

EXPERTENCE AND USES OF SYSTEM

The first application of the central transient data recording sys-
tem was in processing the data from the first Big Joe Project Mercury
test in September 1959. The system was not intended for processing data
of this type, and its construction was not complete at that time. How-
ever, because of the availability and applicability of the equipment and
high priority of the job, the equipment was used successfully.

Operation of the data system as a central recording system began in
March 1960. Approximately 1000 data readings were made in the first 18
months of operation. ILoss of data due to central data equipment mal-
functions has been less than 1 percent in this period of time. Records
of unscheduled down time are not available; however, the history of the
equipment has been very good in this respect.

Almost all data processed through the data system have resulted
from various types of rocket tests. Heat-transfer tests and rocket
performance tests make up the bulk of these. The short duration of
these tests makes the use of transient-type recording equipment
mandatory. In order to extract the most data with a minimum of
testing, automatic programming of the rocket through two or more modes
of operation is often carried out during a single rocket run. When a
facility requests it, on-line computation is performed using the analog
recording equipment and an analog computer and is made available to the
test engineer immediately after each test run in order that a rough
check may be made of results as the test proceeds. More accurate and
detailed digital computations are performed on data recorded on the
digital recording system and are made available at a later time. In
some cases where a continuous analog computation made over a complete
run is more useful than a digital tabulation of computed results, the
data have been processed by recording on the digital system and then
playing this information back through the analog computer.

At the present time thought is belng given to modify the digital
system in two areas, The differential input amplifiers presently being
used in this system are the largest source of system error and will be
replaced soon by amplifiers of more advanced design. The mechanical
multiplexer has performed well in the system from the standpoint of not
degrading the accuracy of the system; however, periodic maintenance is
required to locate and correct switch capsule failures. Transistorized
low-voltage multiplexers are being investigated at the present time.



At this writing, six facilities are connected to the central system
at the Lewls Research Center. A remote recording system, the same type
as the one at Lewls, 1s located at the Plum Brook rocket test site near
Sandusky, Ohio. This system uses the Lewis playback editing and com-
puting equipment and records data from at least eight other facilities.

REFERENCE

1. Staff of the Lewis Iaboratory: Central Automatic Data Processing
System. NACA TN 4212, 1958.
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CHAPTER IT
TRANSMISSION OF IOW-LEVEL VOLTAGE OVER
IONG TELEPHONE CABLES
By Richard L. Smith

The problems encountered in transmitting low-level transducer
signals over long lengths of telephone cable - as in the case of the
installation described herein, lengths up to 7000 feet - may be divided
into two general classifications. One of these problems is the effect
on the signal of the electrical characteristics of the cable itself, and
the other is the addition of extraneous electrical noise to the signal.

The first of these problems has nothing to do with the fact that
the signal is being transmitted at low voltage levels, since an equal
percentage of distortion of the signal would result if it were trans-
mitted after amplification, assuming the amplifier to have the same out-
put impedance as the transducer. At low frequencies, the only effect of
the cable is that of its resistance. The resistance of 7000 feet of
No. 19 wire is 56 ohms, so that the total loop resistance of the cable
is 112 ohms, resulting in an attenuation of the signal of about 0.11
percent of the signal when using amplifiers having a 100, 000-ohm input
impedance at the central location,

A more serious problem is that of distortion of high-frequency
signals due to distributed capacity and inductance in the cable. Figure
IT-1 shows the attenuation and phase shift characteristics of 10,000
feet of the specially shielded cable used in this installation without
loading or equalization to correct for cable parameters. The measure-
ments were made with the cable terminated in 100,000 ohms and an assumed
zero impedance voltage source. These results apply when using a voltage
source having a very low internal impedance. If the voltage source has
some internal resistance, the input impedance of the cable has an effect
on the frequency response curve at higher frequencies. Figure II-2 shows
input impedance of 7000 feet of cable plotted against frequency. This
impedance is largely capacitive reactance. Since this impedance drops
off at high frequencies, the larger currents drawn from the transducer at
these frequencies cause a voltage drop in the internal impedance of the
transducer. The effect of this is shown in figure II-3, which is a plot
of Eout/Ein against frequency for various values of internal generator

resistance, where E;j, 1s the internal voltage of a generator attached
to a 7000-foot-long cable and E, ., 1s the voltage appearing at the out-
put of the cable. As these curves indicate, a transducer having internal
resistances higher than 100 ohms might require the use of an amplifier
having a low output impedance if frequencies up to 10 kilocycles were to
be recorded. Since the nature of the testing done at the facllities
using this data system has not required the analysis of signals having
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high-frequency components, there has been no need to use amplifiers to
gain a better frequency response.

One source of electrical noise in a data system is noise introduced
between the transducer and the recording instrument because of extraneous
electrostatic or electromagnetic pickup in the connecting cable. When
low-impedance transducers of the order of a few hundred ohms are used
as voltage sources, the effect of electrostatic noise is usually negli-
gible, except for noise occurring at frequencies high enough that it can
be easily filtered without destroying the character of the signal.

Electromagnetic noise pickup 1s a more common problem and usually
appears as signals of 60, 120, or 180 cps, resulting from the data cable
being placed in a magnetic field created by wires or equipment carrying
heavy currents at power frequencies. Since the data signals also contain
these freguencies, the problem cannot be solved by filtering. Noise of
this type can be minimized by using twisted-pair cable conductors, by
shielding the cable with a magnetic material, and by routing the cable
so that it is not in close proximity to .power cables or equipment. All
three of these methods were used in the central data installation des-
cribed herein. The cable used was made to order for this installation
with both electrostatic and electromagnetic shielding. A cross section
of the cable is shown in figure II-4. The cable was installed under-
ground where possible to provide additional shielding. Noise measure-
ments on a 5000-foot length of installed cable indicated that the noise
level on the cable was less than 5 microvolts peak to peak, which was
the smallest amount that could be detected with the amplifiers available.

Measurements of cross talk between adjacent cable pairs in 7000 feet
of cable show less than 0.024 percent cross talk at frequencies up to
10 kilocycles when transducers are floating with respect to building
ground and isolated from each other electrically. When a transducer that
is generating a cross-talk voltage is connected to building ground, how-
ever, a transducer that has an impedance unbalance to building ground may
recelve an appreciable amount of cross-talk voltage, as shown in figure '
II-5. This has not been a practical problem in the use of this data sys-
tem since transducers in use here, of the types capable of generating
frequencies high enough to create cross-talk problems, namely strain-gage
types, do not need to be ground referenced.

A second type of noise is introduced by so-called common-mode
signals. This problem arises when the transducer is not isolated elec-
trically from building ground. If the transducer is ground referenced,
obviously the amplifier input terminals must both be isolated from
ground; otherwise, any small voltage differences between the two ground
points appear across the amplifier input terminals. Even when assuming
that the amplifier terminals are perfectly isolated from ground, however,
connecting a long telephone cable to a grounded transducer may introduce
electrical noise. The reason for this is shown in figure II-6. A trans-
ducer, represented by voltage Ep and internal resistance RT, is
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grounded and connected across a cable input pair. These wires will each
have a large capacity to the cable shield represented by Cl and Cop.
Any difference in potential E between cable shield and transducer
ground will cause currents Il and I, to flow through C;, and Co,

respectively. The value I represents a noise voltage that appears
1

across the amplifier input terminals regardless of how well they are
isolated from ground. If C is 0.1 microfarad, RT is 500 ohms, and
Ec 1s a 60-cycle signal, En/50 will appear as noise across Rp. In
other words, a data system that is sensitive to a 10-microvolt signal
will detect a 500-microvolt potential between shield and transducer
ground in the configuration described. This effect can be nullified by
inserting a resistor equal to Rp 1n series with the other connection
to the cable termination; however, this solution is rather tedious if
large numbers of transducers are involved. The best solution is to con-
tinue the cable shield as close to the transducer as possible and make
its ground point as near as possible to the transducer ground. Since
the data cable is shared by several facilities, the data cable shield 1is
not connected to any ground except during the time data are being
recorded. At this time a relay contact connects the cable shield to the
transducer ground of the facility that is recording data. Measurements
of noise, even with proper grounding precautions taken in the data system,
caused by this cable capacity effect have been as high as 50 microvolts
peak to peak with a transducer unbalance to ground of 1000 ohms.
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Figure II-4.

~951-Pair twisted #19 AWG copper
V. wire, individuwally polyethylene
insulated

L~ Mylar tape insulation

S~ Aluminum electrostatic shielding

S Polyvinyl chloride insulation

~N
~—High-permeability-steel
electromagnetic shielding

- Shielded cable cross section.
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CHAPTER ITI
DIGITAL SYSTEM

By Charles W. Mealey, Jr., and Leslie G. Kee

DIGITAL RECORDING SYSTEM
Block Diagram

The prime function of the digital recording system is to accept
transducer-level analog voltages from any one of several remote test
facilities, amplify and convert the analog signals to a binary digital
form, and then record the digital information on magnetic tape for con-
venient entry into a digital computer. The input signals to be recorded
are transmitted at low voltage levels by specially shielded cable, de=~
scribed in chapter II, from the test facility to the central recording
system. The two basic sampling rates of the system are 4000 and 1000
per second. The system can handle 1, 2, 3, 4, 5, 6, 7, 8, 32, 64, and
128 inputs. The sampling rate per input is equal to the basic sampling
rate divided by the number of inputs. The input voltage ranges are 10,
20, 50, 100, 200, and 400 millivolts full scale.

Figure III-1 is a block diagram of the digital recording system,
which is made up of the following units:

(1) An input plugboard on which are terminated various signal and
control circuits for selection by an operator

(2) A mechanical premultiplexer, which makes 128 signal inputs
available eight at a time to the recording system

(3) Eight input amplifiers, which raise the signal level for
storage

(4) Eight analog storage units, which store the eight signals, and
a main multiplexer, which time-shares the storage unit outputs
into the analog-to-digital converter

(5) An analog-to-digital converter, which generates a digital
representation of the analog input signal

(6) An ancillary code generator, which generates codes identifying
the recorded data

(7) Writing electronics, which assembles data and coding in a
recording format
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(8) A digital magnetic-tape handler for recording the data

(9) A recording monitor, which is used to monitor recordings in
progress and provide equipment checks

(10) Master programming and control, which i1s used to control
and synchronize the entire recording process

Fach unit of the digital recording system is discussed in detail in the
following sections.

Input Plugboard

A 1632 contact plugboard provides a quick means of changing signal
paths, equipment programming, and system control. Multiple terminations
on the plugboard allow a high degree of flexibility in the use of the
signals. For example, the amplifier outputs are terminated in tripli-
cate. One output normally supplies the main multiplexer; another is
used for oscilloscope observations. The remaining output has been used
to supply the analog recording system with high-level signals. Where
both input and output of a device are terminated, spare units may be
easily substituted by replugging the board in case of failure.

A separate plugboard is provided for each facility or test area.
Thus, replacing one plugboard with another can rapidly change signal
routes, facility connections, coding, and programming. An important
additional feature of the plugboard is the provision for connections
between the analog and digital systems.

Premultiplexer

The term multiplexer, as used in this report, implies a device
used to switch a large number of input circuits into a smaller number
of output circuits on a time-sharing basis. The use of a low-voltage-
level mechanical multiplexer at this point in the system is advantageous
to reduce complexity of the system, the alternative being to use an
amplifier in each channel and multiplex at high voltage levels at the
amplifier outputs.

The premultiplexer switches 128 two-wire circuits to eight two-wire
circuits, sequentially. Figure III-2 shows the switching circuit con-
figuration. The switching sequence follows a pattern of the simultane-
ous closure of switches 0-7, 8-15, 16-23, and so forth. This multiplexing
is accomplished by rotating magnetic poles operating the switches.

Pigure IIT-3 illustrates the arrangement of the magnetic structure and
switch positions. The switch capsules are attached to the multiplexer
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housing and thus are stationary. The armature of the switch capsule is
a magnetic material and moves toward the closer field pole as both of
the magnets rotate together, thus the switch action.

The switching period of 2 milliseconds is a function of the size of
the slot and post configuration of the magnets and the rotation speed of
the magnets. The switch operating time varies between 100 and 200 micro-
seconds. TIn addition, the switch period jitters or varies about 150
microseconds in time with respect to the drive motor line frequency.

Any group of eight switches is closed simultaneously at least 1.6 milli-
seconds, which is sufficient time for the amplifiers and main multi-
plexer to make an accurate sample of the data. The synchronous drive
motor operates on 500 cycles.derived from the clock pulses, generated by
a crystal-controlled oscillator.

Individual switches are hermetically sealed and are easily replace-
able. There is virtually no contact bounce as a result of oil damping.
The electrical noise introduced by the switches is negligible because of
symmetrical lead wiring and circuit configuration. The contact resist-
ance of each switch is about 0.5 ohm. Consecutively operated switch
contacts are nonbridging.

An important additional feature of the premultiplexer is a set of
timing signals. These signals are generated, as illustrated in figure
ITT-3, in adjustable pickup coils by fringing flux at scratch marks on
the periphery of the outer magnet. One use of these timing signals
would be to control the readout of the premultiplexer. Because of the
Jitter and possible drift of the motor driving the multiplexer, this
use of the timing signals would result in irregular spacing in time of
the data samples. To preserve the exact time relation of events recorded
on tape, another method was chosen. In this system, the premultiplexer
is read out at precise intervals controlled by clock pulses from a
crystal-controlled oscillator. The timing signals are used, however,
for checking synchronization of the premultiplexer with other system
units. Figure III-4 is a photograph of the complete premultiplexer with
an inset showing a single switch capsule.

Input Amplifiers

The commercially avallable amplifiers in this system have full-
scale input level steps of x10, +20, x50, +100, +200, and +400 millivolts
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at an input impedance of 100,000 ohms. The full-scale output level is
£10 volts, capable of delivering 20 milliamperes to a load. The gain
error is less than 0.1 percent of full scale, and the gain is stable to
2 microvolts, referred to the input, in 40 hours. With shorted input
the noise 1s less than 5 microvolts rms, referred to the input. The
amplifier frequency response is from d.c. to 3 kilocycles (-3 db at

3 kc). Response time to an input step function is 500 microseconds to
be within 0.1 percent of the new level. Overload protection is incorpo-
rated such that 10 volts input causes no more than *15 volts output
with a recovery time less than 500 microseconds. Also, circuit failure
in the amplifiers will cause no greater than a 20-volt output. The
amplifiers are of the differential input type and have a common mode re-
Jection greater than 106 at 60 cps with 1000-ohm unbalance. This latter
characteristic is of considerable importance in this system.

Since the signal transducer is distant from the amplifier, & dif-
ference of potential exists between the amplifier ground reference and
the transducer ground reference. Use of a single-ended amplifier would
result in an output voltage proportional to the sum of the transducer
voltage and the ground difference voltage. Thus, a differential ampli-
fier that amplifies only the difference of voltage between its inputs is
necessary to reject the common input voltage. Figure III-5(a) illus-
trates a typical application of a differential amplifier.

The term common mode rejection can be defined as a measure of insen-
sitivity of the amplifier to signals common to the two input terminals,
termed common mode signals. The common mode rejection can be calculated
as the ratio of the differential signal gain of the amplifiers to the
common mode signal gain. Measurement of the common mode signal gain can
be made using the circuit of figure ITI-5(b). An unbalance of 1000 ohms
is inserted to simulate the worst possible situation 1f transducers
having up to 1000-ohm output impedance are in use. To reject a common
mode signal of this sort, the amplifier input terminals must not merely
have balanced internal impedances to amplifier ground, but must have
extremely high impedances to ground.

Figure III-5(c) indicates the method used in this system amplifier
to achieve good common mode rejection. - Here a single-ended amplifier
and a modulator are enclosed in a shield driven at the common mode signal
level. The physical capacity between input wiring and shield is rather
large; but, since the shield is driven at common mode potential, the
effective capacity of input terminals to ground becomes very small.
D.c. isolation is achieved through the use of transformer coupling be-
tween the amplifier-modulator and the demodulator.



28

Storage and Main Multiplexer

The storage and main multiplexer unit stores simultaneocusly the
eight analog outputs of the amplifiers and presents them one at a time
to the analog-to-digital converter input. The simultaneous storage re-
sults in a time correlation of the eight storage circuits to one output
circult on a time-sharing basis similar to that of the premultiplexer.

Referring to figure III-6, the operation of a single unit is as
follows:

(1) Switches So and Sz close, completing loop 2. This allows
capacitor C to store a charge proportional to the input voltage.

(2) Switches Ss and Sz open simultaneously with the closing of
switch Sl' This prevents amplifier A from saturating, keeping the

summing point ). at O volt.

(3) Switch Sz is then closed, connecting the cathode follower to
the output, making the voltage on C available to the converter.

Analog-to-Digital Converter

The converter, a commercially available unit, is an 1l-bit (binary
digit) binary unit with a *10-volt input represented by a total decimal
count of 2047. The conversion is made by approximating the input by
successive comparisons in the sequence 1/2, 1/4, 1/8, and so forth,
full-scale values. In order that signals of both polarities can be con-
verted easily, the *10-volt input signals are amplified and rereferenced
with the linear correspondence of -10 to O volt and +10 to +200 volts.
In the example shown in figure ITI-7, an input voltage of +4.300 volts
corresponds to +143.00 volts. A series of 11 electronic switches oper-
ated by flip-flops supply voltages for comparison with the rereferenced
inputs. The switches are turned on one at a time and remain on if the
sum of their voltages is less than the input and are turned off if other-
wise. After the last comparison is made, the condition of the flip-~
flops represents the input in digital form. A single conversion is made
in 22 microseconds.

At low speed the unit is cycled at 1000 conversions per second and
at high speed at 4000 per second. The high-speed cycling rate is
limited by tape-handler speed and longitudinal packing density on the
tape. The conversion is accurate to within 0.05 percent il/Z the least
significant bit. The output consists of 11 lines energized at one of
two voltage levels representing logical "1's" or -"O's". These digital
lines transmit information to a series of gates in the write circuits.
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Tape Format

The data are recorded on standard l/Z-inch Mylar-base magnetic tape.
A modified-saturation nonreturn to zero recording is used in which a
binary "1" is indicated by a change of flux from one saturation level to
the other, and a binary "0" causes no change in the polarity of magnetic
saturation of the tape. Eight tracks are used to record the data with a
packing density of 200 bits per inch per track.

The bit structure of the recording is shown in figure III-9. A
transverse line of bits, one bit in each track, is defined as a frame.
Three frames are needed to describe one word of data completely. The
binary data bits are recorded in the position indicated by the Arabic
numerals one (1) to ten (10) and the S position. The numeral one (1)
is the highest order data bit, the numeral ten (10) the lowest order
data bit; and the s position indicates the sign of data. The seven
Roman numerals indicate the position of the word number bits with one
(I) being the highest order bit and seven (VII) the lowest order bit. A
frame parity check bit is recorded in track 7 so that the sum of "l's"
in tracks 1 to 7 is always an odd number. Thus, if the sum of "l's" in
the first six tracks is an odd number, a "O" is recorded in track 7.

Ancillary Coding

Ancillary coding is recorded in a serial form in track 8. Figure
III-10 shows the grouping and pulse position pattern of this information.
First, notice that this information is recorded at an "every other frame"
rate. The exception is the pulses that are recorded in frames 1 and 2.
These two pulses thus serve to identify the beginning of the recording
of a block of information.

The next 17 pulses, the first being located in frame 4 and the
seventeenth located in frame 36, are a binary recording of block number.
A pulse in its frame location indicates a binary "1," and the absence of
a pulse indicates a binary "0." A block of data is a grouping of 32, 64,
or 128 data words. Each block of data is numbered in sequence starting
with one from the beginning of a reel of magnetic tape. It is this
number that indicates real data time during the recording of an event.
The block number is used in editing to identify the areas of interest to
be computed. Bit (1) of the block number located in frame 4 is the
highest order block number bit, while bit (17) is the lowest order bit.

The next 12 pulses located in frames 38 to 60 indicate reading
number in a binary decimal code. A reading of data consists of any
number of blocks of data needed to record a data event from one facility.
Thus, a reading is bounded at the beginning by the start of recording
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from a facility and at the end by the stopping of the record equipment
after the data event.

A binary code of five bits is recorded in frames 62 to 70 which
identifies the facility from which the data are being taken. This gives
an identifiable capacity of 31 different facilities.

Computer program identification information is recorded in binary
decimal form in frames 72 to 92. This coding is used by the digital
computer to verify the correct program from storage so that the recorded
data may be processed. TFrame 94 is the index bit and is always in a
binary "1." This is used in the control logic in playback of the re-
cording.

The number of frames necessary to write the complete line of ancil-
lary information dictates a minimum block length of 32 words. If 64 or
128 signal inputs to the equipment are used, the block length becomes
64 or 128 words; and the additional time in the ancillary track is un-
used. By recording all ancillary information every block, rather than
only at the beginning of the reading, it is possible to start processing
data from any location within the reading.

Write Circuitry

Figure ITI-8 is a block diagram of the writing circuitry including
a block for parity generation. The input levels (I-VII) supplying word
number indication are determined by the position of the main multiplexer
and the premultiplexer. The input levels (s-10) come from the analog-
to-digital converter and represent the value of the analog signal in
digital form. The ancillary code levels are supplied from the ancillary
code generator. The clock pulse shifts a binary "1" around the ring-of-
three counter beginning with the A flip-flop. When the "1" is in the
A flop-flop, the first line of AND gates is enabled. Those inputs that
are binary "1" are transmitted through the OR gates to the parity gener-
ator and to the AND gates at the right of the diagram. The parity out-
put as well as the ancillary code is applied to the same line of AND
gates. Binary "l's" appearing at the inputs of these AND gates enable
the next clock pulse to change the state of the flip-flops. The flip-
flops control the direction of current through the record heads. Thus,
the magnetization of the tape is changed for binary "1's" at the inputs.

At the time the clock pulse was gated to the flip-flops, the "1"
in the A flip-flop was shifted to the B flip-flop, and the second set of
AND gates was enabled to write another line of information on the tape.
This process continues through the C flip-flop and is repeated for each
word written on tape.
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Magnetic-Tape Handler

The data are recorded in elght tracks on l/Z—inch tape at elther
15 or 60 inches per second. Recording with the premultiplexer is re-
stricted to high speed because of the difficulty in a 4-to-1 speed
change for the 500-cycle motor. When using only the main multiplexer,
both high- and low-speed recording are practical. The handler is of the
digital type and is operated by pulse commands. The start and stop times
are less than S milliseconds.

Operation

Telephone or intercom communication prior to and during the re-
cording is a necessary part of operation. Operaticnal control is ef-
fected by relays operated by the recording facilities over telephone
lines. A typical procedure is as follows: A call is placed by a facil-
ity. This prohibits any other facility from placing a call and turns on
a busy light at all facilities. The recording system operator then
checks the following: (1) proper facility plugboard, (2) amplifier gain
settings, (3) proper starting block number, (4) correct reading number,
and (5) handler loaded. When the operator has the equipment ready to
record, he connects the facility to the transmission cable and indicates
"ready," which means that control of equipment has been transferred to
the facility. The facility begins its test and starts the recording
system at the gppropriate time. When the test is finished, the facility
stops the recording system and 1s automatically dropped from the cable.
Facility number, time of the recording, starting and ending block number,
and indications of unusual phenomens are entered in a log at this time
by the operator.

To assist the operator in detecting equipment faults and to aid the
test engineer, a record monitoring mode of operation may be selected.
In this mode the playback system monitors the recording in progress.
The monitor provides a check on all recording equipment except the
writing circuits, write heads, and tape handler. It also can provide a
check on the transmission cable and transducers. Monitoring signals are
presented to the playback equipment in the same format as they appear
when playing back a tape. This is explained in greater detail in the
DIGITAL PIAYBRACK SYSTEM section of this chapter. '

DIGITAL PLAYRACK SYSTEM
General Description

After the test data are recorded on magnetic tape, the reel of tape
is rewound and moved to the digital playback system tape transport for
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inspection and editing. The playback equipment associated with the
digital recording system is used for this purpose and is shown in figure
JII-1]. Selected data inputs of a test are displayed as analog signals
in an X-Y fashion or against time on oscillographic storage oscilloscope-
type output equipment. Someone familiar with the test data may then pick
out areas of interest for computing. These areas are identified by
noting block number at the beginning and end of the interest area. The
data area between the selected block numbers may then be entered into
either an analog or digital computer for further processing.

Filgure II1I-12 shows a simplified block diagram of the digital play-
back system. The recording method was a modified nonreturn-to-zero. A
binary "1" from the playback tape transport head is indicated by a 15-
millivolt pulse either positive or negative, depending upon the direction
of flux reversal of the magnetic tape. A binary "O" is indicated by the
absence of a pulse in a frame. Eight read amplifiers, one per tape track,
amplify and transform these pulses into uniform rectangular pulses of one
polarity.

The first operation of the playback must be to establish the iden-
tity of the frames, since three frames must be properly grouped to form
a data word. This is accomplished by the Two-Time detector circuit that
monitors track 8. This circuit detects when binary "1's" are recorded
in two successive frames. This detection occurs coincident with frame 2
of every block and is used to establish word framing for the playback of
the block of data.

The ancillary code information in track 8 is assembled in ancillary
code shift registers. Neon lights connected to these registers visually
indicate the reading number, facility, and so forth. The block number
register information is used to identify the areas of interest of data.
A visual display of information in this register is presented on the
operator console, which is shown in figure III-13., When the equipment
is running, the indicator lights of the block number register give the
operator a continuous indication of position within a data reading.

Upon stopping the equipment, the last read block number is displayed
statically by the indicator lights.

In addition to the visual displays of all ancillary coding, the
block number register is continually examined by two sets of AND gates,
as shown in the block diagram in figure III-12., The first set of AND
gates is labeled Select First Block, and the second set is labeled Select
Iast Block. Both sets of gates are controlled by a series of switches
as pictured in the operator console photograph (fig. III-13). When co-
incidence occurs between the selected block number of one set of console
switches and the number in the block number register, an output pulse
from the selected AND gate is formed. When the system is operated in the
forward direction, the First-Block Coincidence Pulse heralds the start
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of information flow to any one of the selected output devices to be
discussed later. In forward mode the Iast-Block Coincidence Pulse pro-
vides a system stop. In reverse-mode operation the First-Block Coinci-
dence Pulse provides the stop command.

Tape tracks 1 to 7 are checked every frame for odd parity. If any
of the three frames of a data word do not pass the parity check, a
parity error signal is transmitted to the selected output device.

Iocated just above the frame parity checker in figure III-12 1is the
circuit block that forms clock pulses. The clock pulses are generated
by OR gating the seven data tracks (tracks 1 to 7). Since a parity bit
in track 7 is generated during recording so that the sum of bits in
tracks 1 to 7 is always an odd number, this method produces a clock
pulse for every frame of the data. Data-Word Clock Pulses are formed
by dividing the clock pulses by three, using a ring-of-three shift regis-
ter. This consists of three shift register stages in a closed ring
such that the first loads the second, the second loads the third, and
the third loads the first on each shift command. A binary "1" is cir-
culated through the register with the clock pulses serving as the
shift commands. By monitoring the third-stage output and detecting a
binary "1" in this position, the Data-Word Clock Pulse is formed. The
ring-of-three is preset to a standard condition by the Two-Time of
the first block of data after a playback forward command. The Two-

Time Pulse was described previously as the unit that established word
framing.

At the beginning of every succeeding block of data the binary state
of the three shift register cards is examined at Two-Time. If the ring-
of ~three conditions do not agree with the standard conditions established
at the preceding Two-Time, a Word Framing Error Pulse is produced and
the correct ring conditions are reestablished. The Word Framing Error
Pulse thus indicates that the word framing has gone out of step somewhere
within the previous block of data. This pulse notifies the output de-~
vices, which may then take the appropriate actions.

The data word register consists of 21 shift register stages. The
register i1s loaded in three successive parallel lcads of seven bits,
each corresponding to the three frames of the data word. A Data-Word
Clock Pulse indicates that a complete word of data has been entered into
the data word register and serves as the register examine command.

The digital data word is now assembled in the data word register
and may be transmitted to the digital computer. This will be discussed
further in the following section entitled "Output Modes."

If the data are to be analog edited or prepared for analog computer
entry, the complete data word is examined in two parts: the seven word
number bits and the 11 data bits (fig. III-9). The seven word number
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bits are presented in parallel to five word select AND gates and are
labeled "Select Word A" to "Select Word E," as shown in figure III-lz.
The gates are controlled by pushbutton switches located on the operator
control console, which is shown in figure ITI-13. These gates are probed
by Data-Word Clock Pulses. A Word Coincidence Pulse 1s produced when

the word number bits in the data-word register are in coincidence with
the word number selected for that gate.

The 11 data bits of selected words are transferred to a commer-
cially availlable digital-to-analog converter. The output of this con-
verter is an analog voltage that is proportiocnal to the digital input.

A Word Coincidence Pulse from any of the five-word select gates initi-
ates the conversion. The data word, now in analog form, 1s presented

in parallel to the five analog storage units. These units are of the
same type as those described previocusly under the section entitled
"Storage and Main Multiplexer." Each of the five storage units receives
sample and store commands from its word select AND gate. Thus, a single
selected word of data is presented as an analog voltage at the output of
each of the analog storage units. The overall accuracy of the analog
voltage at the output of the storage unit is within 0.25 percent of the
digital word value. The output voltage range is *10 volts.

Output Modes

Digital computer. - Since the primary function of the central tran-
sient recording system is the recording of data for machine computation,
the primary output mode is connection to a digital computer. It is a
high-speed, stored-program, general purpose computer, which at this
writing is located approximately 3/5 mile from the playback eguipment.
The systems are connected by means of standard telephone-type under-
ground cable. The transmitted pulses are 25 microseconds in width at
the sending end and degrade to approximately 35 microseconds at the
receiving end. A second digital playback system has been constructed
and is used primarily with the digital computer. It 1s located in the
same area as the computer.

The block diagram (fig. III-12) indicates the lines of communication
to the computer in the digital computer output mode. The 21 bits of the
data word register are transmitted along with the Data Word Clock Pulses
for every word that is recorded. Since every word is transmitted when
in digital computer mode, the word select gates are not used. The Two-
Time Pulse is available so that the computer can maintain block refer-
ence for checking purposes. Both the Word Framing Frror and the Frame
Parity Error Pulses are transmitted. The original digital playback
system does not present the ancillary information to the computer. The
second playback system presents the ancillary code register information
in parallel every block. This is used primarily for checking and
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verifying the tape positioning. A computer-initiated search for data
from a particular facility has also been incorporated.

The actual operation of the equipment in the digital computer mode
is usually preceded by one of the forms of quick-look editing to be
described later. This allows the positioning of the tape to a point
Jjust before the start of the area of interest and keeps computing time
to a minimum. Upon receipt of a forward read command from the digital
computer, the playback system starts the tape in forward motion and
begins a transmission of data after the first generated Two-Time Pulse.
The data entry into the computer is under computer program control and
enters into one of the input-output registers. At this point the data
are again checked for parity. The original data word along with various
check bits 1s placed into magnetic core storage. At present there are
approximately 500 to 1000 words of core storage available for data word
storage. After entry of a given number of blocks as determined by the
core storage available, a stop command is transmitted to the playback
system. The playback system continues to transmit the block of data in
which the stop command was issued. A playback system stop is issued by
the next Two-Time Pulse, which stops transmission of data and commands a
tape stop.

After a system stop is commanded, the tape comes to rest well with-
in the next block of data. Thus, it is necessary to reposition the tape
by reversing one block after entry of each section of data into the
digital computer. Approximately 20 milliseconds after the computer stop
command has been executed, a reverse command is issued by playback system
machine control, and a stop is executed at the next Two-Time Pulse. The
playback system is now positioned for the next forward read. The com-
plete cycle time 1s approximately 35 milliseconds. In this application
the additional control time needed to reposition the tape is used by the
computer as data processing time so that no real disadvantage in input
time efficiency exists.

Analog computer. - The second output mode of the digital playback
system is connection to a commercially availlable analog computer de-
scribed in chapter IV. In this output mode the five selected channels
of analog output from the digital system are transmitted by shielded
cable to the analog computer patch board where they may be appropri-
ately entered into the analog computer program. Contrary to the mode
of operation with the digital computer, the analog computer is under the
command of the digital playback system. The commands "start compute'
and "stop compute" are derived from Select First Block and Select Iast
Block.

Storage oscilloscope. - The primary method of data editing before
computation is with a storage-type oscilloscope. Several types of dis-
plays are available using this piece of readout equipment: (1) One to
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four selected data channels may be plotted against time in a single
sweep. (2) Any data channel may be displayed against any other data
channel in an X-Y plot. (3) All data words may be displayed at a fast
recurring sweep to produce vertical bar graphs as the data vary. (4)
All data words may be displayed during a slow single sweep.

The first display is useful in the initial editing of a recording
to determine the location of the various areas of interest. For this
operation, a channel is selected that will best describe the data event
(e.g., chamber pressure in a rocket test). When the operator views an
area of interest on the storage scope, he stops the system and logs the
block number at this tape location. In this manner he develops the
listing of block numbers that is used to position the tape in any of the
other output modes. The operator may also enter a selected block number
into the First-Block Select register and plot any channel against time.
He may now reverse to the selected block number and overplot other data
channels for comparison purposes. This allows a useful preliminary
study of the data event after initial location of the area of interest.
Superimposed plots of a rocket chamber pressure and downstream nozzle
pressure against time over a 20-second interval shown in figure III-14
illustrate this type display.

The second display of the storage scope presents two channels of
data in an X-Y plot. The main use of this is in preparation for output
to an ink-type X-Y plotter.

In the third display every data word is converted to an analog
voltage and connected to the Y deflection system of the storage scope.
After allowing time for the vertical deflection system of the storage
scope to stabilize, a display command intensity modulates the write
beam. This plots a dot on the viewing screen for each word of data dis-
played. In this type of display, the sweep trigger pulse is derived
from the Select Word A AND gate. The sweep speed is set to be fast
enough to resolve adjacent words of data visually. Thus, a sweep is
triggered for every block of data, and a new line of dots is displayed.
In time, this succeeds in presenting a series of data channels, com-
mencing with the word selected in Select Word A register, as vertical
bars. Because of the limited size of the viewing screen, a practical
maximum of 16 channels may be viewed at one time. A type (3) bar-graph
plot of 10 data channels recorded during a rocket performance test is
shown in figure ITII-15.

In the fourth display on the storage scope, a plot of all words is
displayed using a slow single sweep. This display is the same as the
first type except that all words are overplotted on one tape pass. The
display is useful in identifying data traces only if the number of inputs
recorded is small or the inputs of interest have very distinguishing
characteristics. This mode will, however, indicate in one tape pass if
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some data channel is in gross error (e.g., very noisy, inverted, etc.),
Another type display, usually type (3), would be used to identify the
offending data channel. This type display of eight channels of tempera-
ture against time taken during a heat-transfer experiment over a 20-second
interval is shown in figure III-16.

X-Y plotter. - The X-Y plotter output produces a 10- by 15-inch ink-
type plot. The X input is taken from Analog Storage Word A.  The Y in-
put is taken from Analog Storage Word B for X-Y plots. If desired, the
output of Storage Word B against time may be plotted. Display commands
are available from the Select First and Select Last Block AND gates to
control the operation of the plotter. This mode is used when the test
engineer desires a permanent hard copy of a raw data plot for quick
reference before computed data are available.

Recording oscillegraph. - The recording oscillograph is able to
display five selected data channels against time on a single tape pass.
The use of this mode is similar to the X-Y plotter mode in that it is
also used for quick reference to the unprocessed data.

Monitor recording. - As mentioned previously, the monitor recording
mode is used to monitor the recording system and the data transducers.
The playback tape handler is disengaged in this mode, and the playback
system input signals are received from the record system. The storage
scope is useful in viewing the input data channels for noise content,
range, polarity, and so forth before the recording of the actual test.
The first type display is used in most cases during the actual test
recording.
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Figure III-7. - Analog-to-digital conversion successive approximation example.
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Data Data
word 1 word 2
C N —
Track Frame 1 2 3 4 5 g
number
1 I VII 5 I VII S)
2 I 8 6 II S 6
3 III 1 7 IIT 1 7
4 v 2 8 v 2 8
5 v 3 9 v 3 9
6 VI 4 10 VI 4 10
7 b P b D D i
8 Ancillary coding _——— _— .

Tape motion

Data bit positions

s - Polarity
1 - Most significant bit

O ~J30 U DN

10 - Least significant bit

Figure ITII-O.

B T———

Word number bit positions

I - Most significant bit
IT
IT1
v
\i
VI

VII - Least significant bit

p - Parity bit

- Magnetic-tape format.
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Figure III-14. - Storage oscilloscope display of rocket chamber pressure
and nozzle pressure plotted against time.




Figure IIT-15. - Bar-graph-type storage oscilloscope display.




Figure III-16.
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- Storage oscilloscope display of heat-transfer data.



CHAPTER IV
ANATOG SYSTEM

By Charles F. Kadow, Arthur D. Brenza,
Richard N. Bell, John C. Sturman,
and Allen L. Perry

OVERALL SYSTEM DESCRIPTION
Introduction

The analog data system can be operated independently of the digital
data system or concurrently with it. Tts higher frequency response
characteristics permit recording of data that cannot be recorded on the
digital data system.

The analog system 1s made up of two l4-channel frequency-modulation-
type recorders and their associated record and playback logic. In each
of the two recorders, 1z channels are used for recording data, and two
channels are used to record identification and calibration information.
The two recorders can be used together to record 24 data channels from
one facility or independently to record 12 data channels from each of
two different facilities simultaneocusly.

Frequency response of the system is d.c. to 10 kilocycles. Input
signal levels are *10, *20, %50, %100, *500, and *1000 millivolts full
scale, Accuracy to which a d-c voltage can be recorded and played back
is 1 percent of full-scale voltage.

Information can be played back at 1/2, 1/4, 1/8, 1/16, and 1/32 of
normal recording speed in addition to normal recording speed. By using
this feature, high-frequency signals may be recorded on the analog
system, played back at a fraction of the recording speed, and re-recorded
on the digital system for digital processing of high-frequency infor-
mation.

Block Diagram and System Description

The portion of figure IV-1 within the dashed lines shows one of the
two frequency-modulation recorders and its associated record and play-
back logic. Unamplified transducer signals are sent from the facilities
over special data cables, described in chapter II. At each facility
the data lines are connected to the transducers through line relays,
which are operated from the central data room.

At the central data room the data lines are terminated on the input
plugboard cradle. The input plugboard connects the selected data lines
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through a data/calibration switch to the data record electronics. This
switch connects either the data lines or calibration voltages to the in-
puts of the record electronics. The calibration veltages are recorded
at zero and full-scale values. A timer (described in detail later) con-
trols the direct-current switch action.

The recording system is controlled from each facility by means of a
control panel or an electromechanical programmer at the facility. The
control panel contains monitoring lights and switches for controlling
the recording system during the time that the facility is taking data.
The panel lights indicate the state of the recording system, while the
switches provide a means for starting and stopping the recording equip-
ment. Control from the programmer is also provided. In this case the
panel control switches are not used, although the panel lights still
indicate the state of the recording system.

Control signals are sent over a control cable (independent of the
data cables), which is also used for telephone and intercommunication
and for the playback of data to facilities. Playback nlay be of either
raw data or analog computer outputs from "on-line" computations made
during the test run. At the facility, the playback can be used for
monitoring or (in case of "on-line" computations) for immediate test
evaluation.

At the central data room, output devices for data playback are:
storage oscilloscope for quick look, analog computer for processing both
analog and digital recorded data, and X-Y plotters and strip chart oscil-
lograph for plotting both raw and processed data.

The output plugboard is used to connect the analog system output to
the selected output devices, amplifiers (if required to raise the play-
back electronics output levels), and the automatic drift corrector. The
automatic drift corrector uses recorded calibration information to cor-
rect automatically, during playback, for drift in the record electronics
that may have occurred between initial setup and recording.

During recording, record and block numbers are encoded on one of
the two control tracks by means of the record and block number encoder.
This information is used during playback to search for any desired
reading and any area of data within a reading. The search is accom-
plished by means of the control track decoder, record and block number
decoder, record and block number register, and record and block number
storage.
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Tape Format

The analog transient recording system uses a l-inch~wide, I14-track,
staggered head. The tracks (see fig. IV-2) are 0.050 inch wide and are
on 0.070-inch centers. Of the 14 tracks available, 12 tracks are used
for data recording, giving a capacity of 12 data channels, while two
tracks are used for playback systems control.

The technique of frequency modulation is used in recording data in
the 12 data tracks, referred to as data channels O to 11 in figure IV-2.
The signal recorded on tape is a frequency that is proportional to the
amplitude of the data signal. The use of frequency modulation enables
recording and reproducing d-c signals and also permits playing back a
recording at a much slower speed than the recording speed without degra-
dation of the signal. TFigure IV-3 shows the relation of the recorded
frequency against the input voltage amplitude of the data signal.

The control tracks are referred to as channels A and B in figure
IV-2, and information recorded in those channels will be described in
detail.

Zone Description

During a data run the tape record is divided into seven zones. The
zone designation significance is as follows (see fig. IV-4):

Zone 1, record number. - Within the first zone on tape, a four-digit
binary-coded decimal number is encoded serially on control channel A.
The first two digits of the record number identify the facility for that
particular run, and the last two digits identify the analog reading num-
ber. The time duration of the record number zone is 2 seconds.

Zone 2, zero calibrate. - This is a 3-second zone during which time
the transducers are disconnected from the 12 data channels, and the data
channel inputs are shorted. The data channels therefore record a fre-
guency on tape corresponding to a zero voltage input. This is used
during playback (see section entitled Automatic Drift Correction) to
compensate for a long-term frequency drift of the record electronics.

Zone 3, full-scale calibrate. - This is a 3-second zone during which
time the transducers are removed from the 12 data channels, and the data
channel inputs are connected to an accurate full-scale voltage source.
The calibration source is a 1.40-volt voltage standard for high-level-
input conditions or the divided output of a high-gain differential
amplifier with the appropriate full-scale input voltage for low-level-
input conditions. The data channels therefore record a frequency on
tape corresponding to a full-scale voltage input. This also is used
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during playback to compensate for the long-term frequency drift of the
record electronics.

Zone 4, predata (nonusable data). - The time duration of zone 4 is

either 2 seconds or 150 milliseconds long, depending upon the mode of
operation. In the "manual" mode of operation the system is controlled
by the facility operator through the use of the control panel. In this
mode of operation the tape handler comes to a complete stop at the end
of zone 3, and the transducers are reconnected to the data channel in-
puts. After receiving a "take-data" command signal from the test
facility, a Z2-second predata zone is then used to allow the tape handler
to reach a constant speed. In the programmed mode of operation, the
system is controlled by the programmer at the facility. In this mode of
operation, the tape handler does not stop after zone 3, but goes directly
into a 150-millisecond predata zone, during which time the transducers
are reconnected to the data channel inputs. The predata zone is used to
prevent either nonlinear tape motion during "manual' mode of operation
or transients from input switching during "programmed" mode of operation
from affecting the actual data field.

Zone 5, record data (usable data). - During this zone, whose time
duration is determined solely by the test facility, the transducers are
connected to the data channel inputs, and the data are recorded on the
data channels. Also during this zone block numbers (described in detail
later) are being recorded serially on control channel A, and a 54-
kilocycle is recorded on control channel B. The block numbers are used
to mark the tape for playback search, and the 54-kilocycle signal is
used for wow and flutter compensation during playback. The termination
of this zone is caused by a "stop" command from the test facility.

Zone 6, zero check. - Zone 6 is a l%— second zone that is the same

as zone 2 (zero calibrate) except for the time duration. Zone 6 is com-
pared with zone 2 during playback to verify that there was negligible
frequency drift during the data run. For the normal data run, 2 minutes
or less, the short-term frequency drift is less than 0.05 percent.

Zone 7, full-scale check. - Zone 7 is a l%-—second zone that is the

same as zone 3 (full-scale calibrate) except for the time duration. This
zone is included so that verification can be made of negligible frequency
drift during the data run.

Zone Definition

Fach of the seven zones is defined by a unique combination of two
of the three possible frequencies on control channels A and B. The zone
time durations and code definitions are shown in figure IV-4. The (-)



corresponds to a fixed frequency of 32.4, the (0) to 54, and the (+) to
75.6 kilocycles. There are nine possible code combinations, seven of
which are recorded on tape for zone identification. Of the remaining
two, the (0)/(0) is not recorded on tape but is used during playback for
blank tape indication, and the (-)/(-) is not used. The zone time du-
ration and frequencies shown in figure IV-4 are for a tape speed of 60
inches per second.

Record Number

The record number (see fig. IV-5) is recorded on control channel A
during the center portion of the record number zone. It is a four-digit
binary-coded decimal number that indicates both the facility identifi-
cation number and the analog reading number. The record number is en-
coded in such a manner that a frequency train 500 microseconds in time
duration represents a binary "1" and a fregquency train 250 microseconds
in time duration represents a binary "O" with a bit leading-edge sepa-
ration of 2 milliseconds. With a recording speed of 60 inches per
second the bit area 1s 75.6 kilocycles, and the area between bits is
54 kilocycles.

The record number to be recorded is stored in the record number
storage unit which is interrogated once at the beginning of each data
run. The record number storage unit consists of a relay storage unit
(decimal), a relay code conversion matrix (decimal to binary-coded
decimal), and a visual display unit. The initial record number is manu-
ally entered into one of four available storage units and 1s held for
use in either the analog or digital transient recording system. The
facility identification number (first two digits of the record number )
identifies one of the four available storage units as being reserved
for a specific test facility. After the completion of the data run the
reading number (last two digits of the record number) of the associated
test facility is automatically advanced; thus, each data run is identi-
fied by a unique record number. The visual display units are used to
indicate the contents of the record number storage unit for operator log
entry.

Block Number

The block number (see fig. IV-6) is recorded on control channel A
during the record data zone. It is a four-digit binary-coded decimal
number and is encoded on tape between "marker'" pulses spaced 50 milli-
seconds apart. The marker pulse is encoded as a frequency train 1500
microseconds in time duration. The block number is encoded in such a
manner that a frequency train 500 microseconds in time duration repre-
sents a binary "0O" and a frequency train 250 microseconds in time



duration represents a binary "1" with a bit leading-edge separation of
2 milliseconds. The leading edge of the highest order bit of the block
number is separated from the leading edge of the "marker" pulse by 10
milliseconds. In the block number the bit area is 54 kilocycles, and
the area between the bits is 75.6 kilocycles.

The block number is stored in a binary-coded decimal counter con-
tained in the record number/block number generator and has a total
capacity of 10,000 digits (from 0000 to 9999). The block number counter
is initialized to zero prior to each data run and is advanced one count
every 50 mllliseconds during the time data are being recorded. This
prermits a data run of 8-1/5 minutes (at 60 in./sec) before the block
number counter overflows. This exceeds the anticipated time requirement
for any data run.

Figures IV-4, IV-5, and IV-6 are shown for a tape speed of 60 inches
per second. For 30-inch-per-second operation the time durations are in-
creased by a factor of 2, and the frequencies are decreased by a factor
of 2 s0 that the format is compatible at all playback speeds.

Timer and Record Number/Block Number Generator

The timer is an electronic unit utilizing digital logic techniques
for controlling the operation of the analog transient recording system
and for controlling the various time zones into which the tape record
is divided. The timer also generates the fixed frequencies used in
identifying these zones.

A serial control technique, using cascaded monostable multivibra-
tors, was chosen for use in the timer. This method was chosen because,
since a high degree of accuracy is not required in the time duration of
the zones, its flexibility (zone time durations can be changed without
additional equipment or modification of existing equipment) and ease in
troubleshooting make it preferable.,

Counter control technique consists of using an astable multivibrator
and dividing the output frequency by the use of a string of binary
scalers to achieve the desired time interval. Because the counter con-
trol technique 1s a very accurate means of generating time intervals,
it is used in the record number/block number generator to determine the
pulse widths of the encoded number.

The logic elements used are transistorized units designed and built
at Lewis Research Center.

Prior to using the analog transient recording system for recording
data an automatic check is performed on the following units: timer,
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record number/block number generator, tape, tape transport, plugboards,
recording speed, and record number storage unit. If each of these check
correctly (each has its own panel light on the control console), the
system "ready" light, also on the control console, will indicate that
the system is ready to accept a data run.

When the test facility initiates a "call"™ (see fig. IV-7) for the
analog transient recording system, the control unit starts the tape
handler and the timer. The timer, in conjunction with the control unit
and record number/block number generator, allows the tape handler to get
up to speed, encodes a record number (zone 1), and places the precali-
bration (zones 2 and 3) on tape. Then, depending upon the mode of oper-
ation, the system will, in the "manual' mode, stop in a ready-to-record
state or, in the "programmed" mode, go through a 150-millisecond predata
zone (zone 4) directly into the record data zone (zone 5). In "manual
mode of operation the system remains in a ready-to-record status until
the test facility sends a "take data" command to the system. The timer,
which again controls the system through the control unit, starts the
tape handler, and after a 2-second predata zone (zone 4) causes the
system to go into the record data zone (zone 5). Once the system is in
the record data zone, regardless of mode of operation, the record
number/block number generator places a block number on tape every
50 milliseconds. At the completion of the data run, the test facility
sends a "stop" command to the system. The timer then places, through
the control unit, the post-calibration on tape (zone 6 and 7) and stops
the system. A set of panel lights on the control console gives a
visual indication of the timer and, hence, the system at all times.

Analog Computer

The analog computer, which is part of the central transient data
facility, is a commercially available analog computer. It consists of
36 operational amplifiers (12 integrator-summers and 24 summers), eight
electronic multipliers, 60 servo-set coefficient potentiometers, and
six servo-set function generators. These components have nominally
0.1l-percent accuracy with the exception of the function generators,
which have l.0-percent accuracy. A photograph of this computer is shown
in figure T-4.

The analog computer is used to make on-line rocket-engine perform-~
ance calculations while the rocket engine is being tested. These on-
line calculations help the rocket test engineer to roughly assess the
test results and speed up testing by eliminating the need for manual
calculations during testing. Typical calculations of this type made on
the analog computer are fuel and oxidant flow rates, oxidant-fuel ratio
characteristic velocity, and specific impulse. More accurate calcu-
lations are also performed by a digital computer and are made available
to the test engineer at a later time.
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The analog computer is used at times in preference to the digital
computer where analog plots of computed results during a complete test
are more useful than digital tabulations, and when digital accuracy is
not required in the results.

PLAYBACK FEATURES

The information from channels A and B is used during playback for
the following purposes:

(1) Control the search logic during a record number and block
number search

(2) Operate the automatic drift correction unit for automatic
calibration on playback

(3) Correct for wow and flutter
The section entitled "Tape Format" explained what information is recorded
in the two control channels A and B. The following sections will ex-
plain how the information in these control channels is decoded and used.

Control Channel Decoder

Identification of eight discrete zones has to be obtained from the
control channels. The function of the control channel decoder is to
determine which of these zones 1s being examined at any time during
playback. These zones are:

(1) Record number zone

(2) Zero calibration zone

(3) Full-scale calibration zone

(4) Predata zone

(5) Data zone

(6) Zero check zone

(7) Full-scale check zone

8) Blank tape
( D



During playback, the frequency recorded on tape in the two control
channels converted to a d~-c voltage by an FM demodulator. The possible
voltages are +1.4, 0, or -1,4 volts. Figure IV-8 shows the output volt-
ages of each control channel demodulator during the eight zones. The
output of each control channel demodulator is fed into a complementary
amplifier. The amplifier has two output channels, each output channel
having a voltage level of O or -5 volts. Both output channels can be
zero volt at the same time, but they can never be at -5 volts at the
same time. Figure IV-8 shows the output voltage of each channel of the
amplifier when one of the three possible input voltages 1s applied to
the amplifier input.

The decoder consists of AND gates combined so that an output is
obtained on only one of eight separate output lines corresponding to the
eight different zones. The truth table in figure IV-8 shows the inputs
required by the AND logic from the four complementary amplifier outputs.

As soon as either the record number zone or the data zcne is de-
tected, the ocutput lines of the other seven zones are disabled. The
lines remain disabled until the end of either one of these two zones is
reached. This ensures that no false output will be detected by the de-
coder during these two zones. Figure IV-8 shows why a false zone indi-
cation would be detected during the record number and data zones 1if this
feature were not incorporated. As the record number bits appear, the
output voltages of the two control channel demodulators are the same as
the voltages obtained during the predata zone. When the block number
bits appear, the two demodulator output voltages are the same as the
voltages obtained during the blank tape zone.

All eight outputs are disabled when the tape transport is started
and remain disabled for 3 seconds to allow the tape transport to get up
to speed.

Record number and block number decoder. - The record and block
number decoder is used for interpreting the pulses that make up the
record numbers, block numbers, and alsc the marker pulses between block
numbers. The leading edge of each pulse coming from control channel A
is used to trigger a one-shot multivibrator which produces a standard
lenzth pulse. Pulses coming from this channel are compared with these
standard length pulses. If the pulse from this channel is shorter than
the standard, it is a "zero,'" and, if longer, it is a "one.™ After
identification, each "zero" or "one" is loaded serially through a gate
into the record and block number shift register. When the complete
number has been entered into the register, the gate at the input is
closed, and the number in the register is then compared with the number
in storage.
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The marker pulses between block numbers are used to reset the
register and reopen the gate at the input. A "pseudo" marker pulse is
generated between reading numbers when the system is searching for a
reading number. The system 1s able to search in either the forward or
reverse direction. In the forward direction the most significant bit of
the reading or block number is read off tape first, while in the reverse
direction the least significant bit is read off first. The register can
be loaded from either end and shifted 1n either direction so that the
bits will always be in the correct order in the register, regardless of
the direction of search.

Comparator. - The record and block number storage comparator compares
the numbers in storage when the analog data system is operating in the
search mode. Its function is to indicate whether the number in storage
is larger, smaller, or coincident with a number read from tape. This is
done by comparing information in the register labeled "record and block
number tape register" and "record and block mumber storage register" in
figure IV-1.

The comparison is made in sequential steps, each of which compares
a given bit of the number in the tape register with the corresponding
bit of the number in the storage register. The comparison begins with
the most significant bits of the numbers and progresses in a descending
sequential manner, through the intermediate stages, to the last stage,
which compares the least significant bits and yields an output if the
numbers are coincident. If the numbers are not coincident, comparison
progresses only until coindidence is lost, at which time a "too large"
or "too small" output signal is generated.

A single stage of the comparator is shown in figure IV-9, and the
complete comparator is shown in figure IV-10. Besides the previously
mentioned register inputs, each stage must receive a command signal to
operate, The command signal to the first stage is supplied from the
record block number decoder and enables the first stage to deliver a
signal that is indicative of the tape register and storage register
inputs in the most significant bit position. Should a "1" exist in the
storage register and a "O" appear in the register tape, a "too small'
signal occurs; conversely, a "O" in the storage register and a "1" in
the tape register result in a "too large" output. These signals termi-
nate at controls that determine the direction of the tape handler and
are Treated in detail elsewhere in this report. Whenever the bit on
the tape register 1is identical to the corresponding bit in the storage
register, a coincidence signal is produced. This internally generated
signal becomes the command for the second stage. Coincidence output
from the second stage, indicating coincidence in both first and second
stages, creates the command for the third, and so on to the last stage
where the coincidence signal becomes the coincidence input to the tape
search controls.
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Tape Search Controls

The record number and block numbers recorded on tape are used during
playback to locate any desired reading from a specific facility and any
desired section of the data within that reading. The record number con-
sists of a two-digit reading number and a two-digit facility number, and
is written on tape in the record number zone. The block number is a
four-digit number written at 50-millisecond intervals during the time
data are being recorded in each reading. The desired section of data in
each reading is played into X-Y plotters, strip-chart recorders, or an
analog computer for computations and plotting.

The tape search controls use signals from the comparator to deter-
mine if the direction of search is correct or if the direction of search
has to be reversed. In searching, the reel motors do the driving rather
than the capstan, thus making it possible to initiate either a forward
or reverse search. The search speed is 60 inches per second.

The record number and block number search controls can be operated
in either one of two playback modes. The modes are:

(1) Manual playback. This mode is used primarily for editing. The
operator must choose whether a search 1s to be made for record number or
block number. After making the search, the tape transport will stop at
a point immediately ahead of the selected record or block number.

(2) Automatic playback. This mode is used after the data have been
edited and are being played back for computations and plotting. In this
mode, the tape transport switches into capstan drive after the record
number has been found. Then, as the zero and full-scale calibration
zones are passed through, the output of the playback electronics is
avtomatically adjusted to correct for any drift that may have occurred
in the record and playback electronics. The transport continues run-
ning, and, when the first stored block number is reached, the coincidence
pulse received at this time starts the analog computer or any other
selected output device. The transport continues in drive until the last
stored block number is reached, at which time the coincidence pulse
stops the computer, tape transport, and other output devices.

The ability to hold a block number in display is a feature of the
search controls that can be used in elther the manual or automatic play-
back modes. The block number that is in the register or being loaded
into the register can be held in the register and displayed by pressing
the "hold bleck number" button. When the button is released, the num-
bers will continue to run through the register.  Another feature of the
search controls that is used primarily for editing is the ability to
stop the transport and hold the last block number in display.
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Auvtomatic Drift Correction

The analog record modulators have a long-term drift associated with
them. To increase the overall accuracy of the system, the outputs of
the playback system are automatically adJjusted during playback of each
record, using the recorded calibration signals. Figure IV-11l shows the
drift correction circuitry for one data channel. During the.zero cali-
bration zone, the voltage at point 1 is compared in the servoamplifier
with ground. The error signal (the sum of the demodulator output voltage
and the voltage at the wiper arm of potentiometer B) is used to operate
the servomotor that drives the wiper arm of potentiometer B until point 1
is at zero volt. During the full~scale zone, the voltage at point 1 is
compared with an accurate +1.4 volts by the servoamplifier. The error
signal (the demodulator output voltage plus the zero offset voltage)
operates the servomotor, which drives the wiper arm of potentiometer A
until point 1 is at +1.4 volts. A single servoamplifier is switched
between the two servomotors. Signals from the control decoder are used
to switch the motors and the standard voltages at the proper time.

If the output of the demodulator were below +1.4 volts, it would be
impossible to balance out the full-scale voltage. In order to ensure
that this situation does not occur, the output of the playback demodu-
lator is ad/justed to give 1.55 volts at full scale instead of 1.4 volts.

The automatic drift correction circuit can correct for a maximum of
+5 percent zero drift and a -5 percent full-scale drift at the same time.
Checks of drift of record modulators show that the maximum drift cor-
rection is far above the amount that can be expected. Over a 48-hour
period, with the record modulators being adjusted only at the beginning
of the period, the zero drift was 1.8 percent and the full-scale drift
was 2.1 percent. 1In actual operation the modulators are adjusted every
8 hours.

Analog Quick-ILook System

The analog quick-look system provides for a visuwal display of any
desired portion of the data recorded by the analog recording system. It
fulfills the dual function of providing immediate visual review of the
recorded data after a run and editing of the tape prior to processing
the data. The system is composed of two separate parts: a storage- =
type oscilloscope capable of indefinite image retention and an input
multiplexer. The latter makes it possible to display from one to
12 channels of data simultaneously, which the oscilloscope can store
for detailed study if desired.
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Storage Oscilloscope

The storage oscilloscope is a commercially available instrument.
Tt can be used as a conventional oscilloscope or in the storage mode to
provide indefinite storage. Other than the storage property, the fea-
tures that suit it to this use are a reasonably fast rise time and slow
sweep rates. The fast rise time allows the use of a 30-kilocycle
sampling rate in the multiplexer. This sampling rate then limits the
frequency response of each channel to approximately 1 kilocycle when
displaying six channels simultaneously. A slow sweep rate 1s desirable
so that long records of data can be displayed at one time. Since many
tests, such as rocket firings, are of short duration, it is in some cases
possible to display a complete run on one sweep. If long-time storage
is not desired, it is possible to adjust the oscilloscope to provide
just long enough persistence for a good display at slow but repetitive
sweeps. In this way one can visually monitor long data runs to deter-
mine areas of specific interest quickly.

Multiplexer

Tt 1s the function of the multiplexer to time-sample multiple chan-
nels of data and sequentially feed them into a single output for dis-
play on the storage oscilloscope. A simplified block diagram of the
multiplexer is shown in figure IV-12. The multiplexer receives 1z in-
puts from each of the output plugboards of the two analog recorders,
this being their maximum capacity.

Standard modes of operation display all 12 channels from a single
recorder simultaneously, or the first six or last six simultaneously.
Any single channel can be observed directly by bypassing the multiplexer.
Other readout combinations can be obtained by jumpering different combi-
nations of inputs at the analog system output plugboard.

Relay A or B selects the inputs from one recorder or the other.
Each of the 12 inputs selected goes to a step attenuator. When it is
desired to observe a single channel, the signal is selected directly
from the attenuvator by a l2-position rotary switch and is fed to the
storage oscilloscope. For multiple inputs the attenuator outputs feed
individual amplifiers. These amplifiers perform the function of iso-
lation as well as d-c level changing to permit individual vertical po-
sitioning of the oscilloscope trace. In this way it is possible to dis-
play six separate inputs on six distinct base lines displaced vertically
on the oscilloscope screen.

Outputs from the 12 amplifiers go to level -gates, each of which has
three inputs. One input is the analog signal from the amplifier, and
the other two are for logical control signals. Functionally the gates
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are AND gates that require a signal at each of the two logic inputs for
the gate to pass the analog signal level at the third input.

For the case of six inputs, six of the gates have logic inputs from
a gating flip-flop and the other six are cut off. The second logic in-
put is from a ring-of-six counter that enables each of the six gates in
sequence. In this way, six of the channels are gated to the output
sequentially, and the sequence is repeated indefinitely. To display
1z inputs a trigger pulse is derived from the ring counter for each six
inputs and is used to change the state of the gating flip-flop. Its
output therefore gates first one group of six gates and then the other,
alternately. The gating flip-flop is alsc used to produce a synchro-
nizing pulse every second time it changes state. This can be used to
trigger the oscilloscope sweep each time one full cycle of 12 inputs has
been displayed. In this way successive scans of the 12 input channels
will fall in the same horizontal position on the oscilloscope, producing
a bar-graph type of display. If the synchronizing pulse were not used,
it would be possible to use a slow sweep rate and display 12 chopped
channels. However, since the signals usually overlap, 12 channels are
in most cases too many for clarity.

The complete quick-look system can be seen in the center of the
control console of figure I-5. All controls are directly beneath the
storage oscilloscope.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, June 5, 1962



68

curIBRIP N00Tq uejshs BoTeuy -

*T~AT 2an3Tyg

OAMMWMM aoxa1d
- - ]
J93FTaL 23e103g AT J
J933TaL,
Js330Td
S . x-X
_ STOIJUOD _
qaodsuBag |
_ worqheTd T
_ ydead
_ -0TTTos0
_ jae3s FUIPI0D3Y
— Jajetdax _
2EnI09¢
_ omrdncvpmwwm _ 7.1 J89nduoo weysfs Te3TBIP wodd
_ _ FoTrUY
(xoqeaedwo) _ _
_ L ToITUS) A
I37 - — I.—
-sT8sa adej 103081300 _
squmu %o0Tq — 1313p sae T3 TTdwy
_ puE PI00Y oT4BWO4NY 080D _
paeogdntd _ waj3sis
_ Jndang £a7TT0RT | Te3121p
_ J3pooop 0g ¥orq oL
Isqunu o0 Tq _ferd
pUE PICDIY £3T1198] OF mpMQ
_ I9p00| ueT13EOTPUT _
-us Jaqumu
maMMWNWo 300Tq pUE uoj3Fsod JISUWTL ._ 2TqeY TOJI3U0D
_ 1aB3E upovponvww paoosd JSUTL - |
_ eRBC jaodsuza: Todquod £311T0RL
adey, a3eg 710 _
Uo3 TMS UOT7 gnTd
_ I8poosp [T SO TUOJI}O0TD SOTUOIY0OTS goTAEL oo [oageren paroq3nt
TouuRyo [ xomﬁnmﬂmll._v Q paoosy T3 Mmﬂ”ma -~ andug _ 21qB2 BIBR(
0I3Uo: ¢
_ Toazuod e1aul elRd
_ STHUUBUD -uByY <l * _ SM00Tq
T2JI3U0D frddns _ TRUTUISL
_ 23eyTOA
_ 0T3BIQTTED I_
—|||||I||||l|.|||l|||||I||l.||||l.||.||l||..||l|||||||||




69

b *quaw=orTd ORI} JISPJIOOSI FoTBUY =~ *I=-AT 2INITd
W0L0°0  TT——=\_ i - i
+ Oﬁlllllil/‘ \J_llllll T
g —> - o7
] 8§ —>| -
w0S0'0 L ———m=f - T
» 9 —=| - 5
g ToUUBYD TOJIZIUOD llvfr - g UIPTA
¥ ToUUBD TOI3UOD ——m\ [JAIAIu . ade], :.ﬂ
g —=\_ =\ ~—
Yy - G
g -
g —) J=— ¢
T —f -
0 ——— o . \\uwlnllu T \K
ST2UUBYD UOT3BUITSSP

B1RQ

YoBIT,



*(P8s/°ut 09 Jo peads odey 03
UMOUS) JOFRTNPOU PIODSI W J0J UOTGBISL oBraTOoA-LouenNDoI -~ *¢C-ALl 9JNITJ]

gaToA ‘93BITOA
oTBos TTrui+ oTe0s TTMLI-
v+ 0 BT~

|

ARAS

9°GL

70

UCT3BTADD
quaoxad QF-

UOTAETADD

quaoxad QF+

‘Kousnbaad

oy




71

‘(uotgrasdo Jo spow TBNUBW
pue omw\.zﬁ 09 Jo peoads adeg ,Homv wae3sks jusisueal JoTBUER JO UOTATUTJOP SUOZ - *H-AT 9anITd

IIIIIIIv
uotrgoaaIp adey

o3e 3 [
~aToA S5® 3 sandu
oT®0s | -370a [€— SIeONPSUERLY wﬁmwmmw%mm mwmwwwm «— SI0ONPSURLT, — ) mﬁwwdmsw
-TTnd 0as7z BIBD TTIV
™
sw%m& g Teuuryo
- - 0 + 0 + + queTqg Toa3uoD
o o
e
<papoous
0 + papodUs + - - J5quUnu ¥ Touueyo
» Jaqumu ¥o0Tg pIooay yueTd Toa3uo)d
b OELD) (s1988N SUWTa UuoTg
aTeOS | M0o2UD (aTqesn) -uou) 94BIqTTIED J9 quUmMu Butgaeys| -BUdTSOP
-TTng [oB £=V/4 B1BD DPIOOSY BlEpaId 5TBOS-TTINd [93BIQITEO 0J37 pacosy [gaodsurag Elétel/
L 9 S ¥ e < T I8 qumu
] ! ! | | | ] | | ouez
pus-d T~ 2-¥ ¢-H c-a 1-a 0-0¢ T-d 2-C OT 6 8 L 9 S ¥ 3 S e T RICEERETHT
| | _
TTBO ST0J3U00 K371
B3®
mo_ulm mwmm -110®J 388L
|
AR -
0°'%S 0 £311T08] £
9°g) + POUTWIDG 8D SUWTL
X

fLousnboayg



(*TCLO ‘umoys Jsgumu DI0O3Y)

+J5qUINU PIooad popuedxs YqTm SUOZ J5qumu PIOOSY - °S-AT 2an3Td

7 UOT209S

00700000007

ER) BER
H28aoTi ug YoTi
00s 052

A

o9s Z

]

A
AN

AL AN NY

\\\\\ N

AN

NN

NN N
NIANEANVANUAN

S NN

S
A W WA W W

. WA . N

4

AV ;

A

1 ‘ A v

\/ /\ N |

1 1 1 Touusy2
/‘ 1 ToI3uo)

AW VA WA ¥
NSNS

i 8 0T 02 Ov 0g

—

>\\
S ANNNWNNN

Jaqumu Furpudd JoTeuy

@ﬁ:

—~—

7 e ot oz ov os] [/
Jaoumu £9TTIOBd

A ULIOJ TBWIOSP AJBUTQ UT Pepoo
M-I NANAN | -uo ATTEATSIP Jaqumu DIOdY
9°5. 23
oY
‘Lousnbarg 7 UOT309G —om jee—
L /
TN LTINS LS & E TNE Todne
L S ]
\ SIS TSNS 7 v g
T < Z 098 ‘TTBO WOIJ SWI[]

72




73

( "TO00 umoys zaqumu Y00Tg) “JoquUMU Yo0Tq pspusdXe Y3ITA SUOZ BIEP DPIOOSY =~ °*g=AT SJuBTd

7 UOT3098

AT NI =

09SH 0§

4wQu O2SOIDTH OS2
O3S0JIOTH QQST —™ = wlay % e : QISH 2
09S0I0TH 008 ommo.SHz oT

YTy

7r71,1

\\

¢/ g\\\
\, y.

N
N
N
N
N
N

N

/1 v
w“NNW s

e 58E888885¢8
© 88 8888
o o
< wmﬁ.:m
) WI0J TBWLO9P AJIBUTQ U POPOD JISNIBH
mwm % =us ATTe4TITP Jaqumu Jo0oTq
oy
‘Kousubaag (d£3) Z UOT3098 —ml  h—

A T IR TN T TENTTITEN R TN TSRS

/
\\m g ToUUBYD TOJIFUOD
7

ATTT T T I T T T T o

0

\m YV ToUuUsyd TOJIqU0)
I/

GET-IIREY o A



T4

Timer

Start

Record
number
advance

Controls and
frequencies

Record number
storage unit

Record
number

Figure IV-7. - Basic block diagram

;—_‘ Controls
I
I
|

Test facility

1
Take
data

{

Call Stop

1
|

Control unit

Record
mode
Record
number/
block |RN/BN
number Track
generator encoding

Tape drive
L

Tape
handler

Record
electronics

of system control.




75

cs2u0z JUd3tTs Fulanp saldeiroa andgno as1JiTdue LaejuswaTdwoo pue JO3RTNPOWAT ~ 'Q-AT 24nBTd

COCOOAHAAO
HAOAQOOOCO

OAHOOOOO
QOO HMHOO

ade3 yueld

Mosyo areos-TIng

HOOUD 0J37

eyeq

BlEpaId

UOT3RIQTTRO 9TROS-TINI
UOT3BIGTTBO OJ07
J2qUMU PICOSY

T 3ndano | 0 gndang

g 3nd3no | 0 gndang

g JotTJTTdury

V J8TIyTduy

|[U0Z

W> G- =1 a0 =

q

HTEVEI HLOHIL FHYITIOA

LAdLN0 HATIITINY AMYINIWIIIWOD

adey
quetg

b

Joqumu ®oot1q Jod aexarw snid 837g 9T

— JULLM

s3ndano ustyirTdur LaejuswaTdwo)

104 eInpowaq |IM|NIM%V
5 0

A G- @ JaTJTTdure
KaejuswaTdwo) A FoI-
A0 D
h0 T JafyyTdure
5o Laequawstdwon AQ
JoTITTdwe

I0qeINpowaq 'ﬂlm@
o3 0"

Laequswatdwo) LR AR

Indino o8e370A JOJETNPOWSD TSUURYO Tod3uo)

I04 eTnpOWaq Ty

doayo sU0Z e

2TEOS-TTNg Aoayo odgaz

auoz ejeq

9uUo0Z ®lRpaId

_ £379 9T
2U0Z UOTIBRIq EBTr
-1TE0 aTeoS-TInd: SUO0Z UOT3BIQITED Odoy Jaqunu proosy

771~
0
FoT+

¥oT-
0
RANNS

g TauuByo
ToI4uUc)

Y Touugyo
TOJI3U0D



+J098I8dWOD JO o89wvqs aTBUIS JO wsxdeTp °FF0T - ‘6-AL San3Td

L
[— 2383
.2318T 00L, L+8-0 anv S
o]
&L
[, 81468
LTT=us 003, LSO anv [
o]
W3xeT 00, T 0O T
JIrsus 0oL, 0 T T xoqsT8ax adwl
sousprouto) 04 0 O T I I3338AUT -t Joqumu ¥o0Tq
sousprouted T, T T T 2989 = pue pI003Y
L s 2 2oUSPTOUTOD 10 L8+ aNv s
0
L-8-0
_— 24838 — .
50USPTOUTOD I-S-0 + 1°S-0 O I945189a
- 19 I8 AUT 5981038
L-5-0 Jequmwu ¥20Tq
pus PI0odY
he
ELL-F
aousproutod T L.S.0 S
s anv -—s PUBEWOD

76




T

STOJIGUCD
yodaeos
adey o

*Joqeseduwod Jo urea3eTp Hoold -

*OT-AI 2an3td

TOa3uod
yoaess adey o

T

m SOUSPTOUTOY

L83xeT]
00J,,|

(310
JUBOTITU
-31s j3s®aT)

a3eqs
38eT

9383 HO
3ndul 91
WTTEUS Teus
00g,, e oogL, )
?
—
(319 (33a
SoUspToUTOD a3etpou 90USPTOUTO0|  gueotrtu L
“n -ae3ul Auy) r | -81s 380m)
_ S S——]
_ 98eqs a3®e _ .
a3ae o8aet 9
| n OOBM ~TpouwIsqur u con. neatd
PUBUIO) lll_vs TR

2383 40O
andul 91

1

TOI3U00
yoaeas
adeq of

gqndut rotTeJed 9T
Jaq8180a adeq Jaqunu
No0TQ Pu®B pJaoosy

gandut TalTeJed
g1 a948138a
83eJ038 Jaqunu
30074 pue pJaooay

rlw. PUBLMWOD TBUIDGXH



78

Servo- Servo-

motor motor
1 |

2 otm | | —>—® OQutput

Demodulator |

output 147

* Servo-
Point 1 amplifier

10 Kilohm 10 Kilohm

=s L

+1.4 v

Figure IV-11l. - Automatic drift correction.
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